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[57] ABSTRACT 

The endoscopic probe, more especially for medical use, 
comprises a tubular member insertable in a cavity to be 
explored, having a flexible part ending in an endmost 
section able to be orientated by means of mechanical 
control means disposed inside the flexible section. The 
section carries optical illumination and image return 
means and an ultrasonic electro-acoustic translater. This 
translator comprises a fixed curved linear array of pi- 
ezoelectric elements, the convexity of the curve being 
directed outwardly. T^e array is associated with an 
electronic circuit for energizing the elements according 
to a sectorial sweep sequence in an angular field over- 
lapping with the field of view of the optical means. 

8 Claims, 11 Drawing Figures 
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rial sweep sequence in an angular field overlapping the 
ULTRASONIC SWEEP ECHOGRAPHY AND field of view of the optical means. 

DISPLAY ENDOSCOPIC PROBE The linear array will be generally fonned by a single 

line of pieioelectric elements, the sectorial sweep taking 
BACKGROUND AND SUMMARY OF THE 5 place in a plane passing through the axis of the endmosi 
INVENTION . section. The electronic circuit will generally compriie 

The invention relates to an ultrasonic echography ^^^^^^ delay and/or phase shift means for providing 
and display endoscopic probe and it fmds a particularly ^^^^ 5", ^^.^^P.^^ cnerg,z,ng successive 

importing although not exclusive applicadon in the groups of dements but also focusmg of the jray at a 
mcSical Held, forced by the optical'^ echography ^° !'fXtS:'eTf™ of ^ 

observation of the interna! walls of the human body. 1 "^r^T ^^^^^ 
especially of the oesophagus, of the stomach and of the '^J^"^,^^^^^^^^^ 

ft r o durmg successive burst from the same group of piezo- 

u enum. , . - . , j r i. electric elements, following a technique comparable to 

Optical endoscopes are already widdy used for ob- ,5 ^ ^ 

serving the mtemal walls or Immgs of the human body. ^^^^ construction of the probe may take on 

These endoscopes are formed by a long flexible tube or ^^^^^^ depending on Uie application en- 

pipe fixed at one end to a control box compnsmg mem- ^.J ^^ ^^^^ ^jj, ^ ^^^^ ^ereaftS by way of 

bers for guiding by means of fme cables, a ngid end j .^bodi^^^^s intended for the medical field, 

section of the tube. The light is transmuted from an but a probe of the same kind may be used in numerous 

externa] source to an emitter, placed in the endmos -^^^^^ j-,^)^ ^ ^^^^^ 

section for illummating the walM)y means of optical i^^t^^tions inaccessible without dismanUing. 

fibers passing through the tube. The optical image col- invention will be better understood from reading 

Iccted by a lens situated at the side of the emitter is- following description of probes which form particu- 

iransraitied by optical fibers to a sighting eyepiece car. ^5 jar embodiments thereof, given by way of non limiting 

ned by the box. examples. 

It has already been proposed (EP-A-00 66 185) to *^ 

complete such an endoscope with means for the SHORT DESCRIPTION OF THE DRAWINGS 

echotomography of the tissues and organs situated be- piG. 1 is a simplified diagram showing the general 

hmd the walls observed optically. For that, an ultra- 30 construction of a probe in accordance with the inven* 

sonic transducer is implanted in the endmost section, at ^0^^ ^^^^^^ devation and in partial section, 

the side of the optical system. The two methods of piG. 2 shows, on a large scale, the light emitter and 

exploration are complemenUry: the optical miage al- jhe lens carried by the endmost section of the probe, 

lows the ultrasonic translator to be guided and located jj, direction of arrow 11 of FIGS. 1 and 3, 

which is used for supplying the acoustic image. This 35 piQ. 3 is a large scale view of the endmost section of 

latter may be of good quality if high frequencies are the probe, shown in section through a plane passing 

used, because of the small depth to be explored and through the plane of symmetry, 

because of the absence of highly absorbing tissues inter* piG. 4 is a sectional view through line IV— IV of 

posed between the translator and the organ. FIGS. 1 and 3, 

The echotomography endoscope described in docu- 40 piGS. 5. 6 and 7 are diagrams for showing acoustic 

ment EP- A-00 66 1 85 uses a single transducer having a sweep modes which may be used for implementing the 

mechanical sweep system for causing it ot osciUate probe, 

about an axis which coincides with that of the endmost fiq. 8 is a block diagram showing one possible con- 
section, This technique presents, among other draw- struction of the electronic means of the probe, 
backs, difficulties in forming the relatively moving parts 45 FIGS. 9, 10 and 11 are diagrams showing different 
and difficulties in detecting the movement of the trans- possible variants of construction of the endmost section 
duoer. So it is when this latter is fixed and when the of the probe, 
orientation of the ultra-sonic beam is modified by means 

of a rotating mirror. DETAILED DESCRIPTION OF PREFERRED 

It is an object of the invention to provide an im- 50 EMBODIMENTS 

proved ultrasonic echography and display endoscopic The endoscopic probe which will now be described is 

probe. It is a more particular object to provide a probe intended more especially for studying organs and zones 

which may have a wide acoustic angular field without of the human body to which access is difficult by exter- 

using mobile parts, high resolution and a possibility of nal means, such as the coronary arteries, the descending 

optical guiding, while keeping dimensions comparable 55 aorta, the right band heart portion, the auricles, the 

to those of conventional probes. mediastinal masses, the pancreas, the lower bile ducts 

To this end, an endoscopic probe according to the and the digestive vessels, 

invention comprises a tubular member for insertion in a The probe comprises a tubular insertion member 11 

cavity to be explored, having a flexible part ending in an connected to a control and coimection box 12. The 

endmost section which is orientatable through mechani- 60 tubular member 11 has a flexible part 13 in the form of 

cal control means disposed inside the flexible part, opti- a pipe and an endmost section 14 which will be gener- 

cal image return and illumination means and an ultra- ally rigid. The flexible part contains the different elec- 

sonic electro-acoustic translator carried by said section, trie and light conductors required for supplying the 

characterized in that the translator comprises a curved elements which are housed in the endmost section 14. It 

linear array of piezoelectric elements fixed in the sec- 65 also contains fme c^les 15 for guiding and orientating 

tion, the convexity of the curve being directed out- the end section 14, which cables are fixed two by two at 

wardly, which array is associated with an electronic their ends to rings 16 embedded in the wall of the flexl- 

circuit for energizing the element according to a secto- bie part, in the immediate vicinity of the end section. 
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TTiese cables, four in number in the embodiment illus- 
trated, are connected to coniro! knobs 17 carried by box 
12. 

The optical part of the probe comprises a lens 18 and 
a light emitter 19 provided on the end section 14 (FIG. 
2), on an oblique wall so that they are spaced apart from 
the wall and, as will be seen further on, present a field of 
view overlapping angulariy with that of the echogra- 
phy means. The lens 18 is connected, by a flexible opti- 
cal guide 20, contained in the tubular member 11, to an 
observation eyepiece 21. The light emitter 19 which, in 
the embodiment illustrated, has an annular form and 
surrounds letis 18, receives light coming from a source 
22 through an optical fiber 23 which follows succes- 
sively a tube 24 for connecting between source 22 and 
box 12 and tubular member 11. 

The elements of the probe intended for ultrasonic 
exploration comprise an ultrasonic transducer 35 form- 
ing a part of the lateral wall of the rigid end section 14, 



known, by shifting step by step the group 35 of elements 
participating in a same burst Focusing of the successive 
beams 34 may also be obtained by well known methods, 
possible at a variable depth, by using a set of time delays 
5 taking into account the focusing depth to be obtained 
and the curvature of the array. Through the combina- 
tion of electronic focusing in the scanning direction and 
araustic focusing in the perpendicular plane, a high 
resolution may be reached and a much larger field than 
10 that with a flat strip of piezoelectric elements. 

As shown in.FIG. 3, the optical system and the ultra- 
sonic echography systems are disposed with respect to 
each other so that the optical field and the acoustic field 
have a substantial overlap, whose angular extent is close 
15 to 80" in the embodiment illustrated. This overlapping 
has the advantage of allowing optical display of the wall 
to which the acoustic sensor is applied and so, verifica- 
tion of the conditions of the contact, promoted more 
over by the curved shape of the array. It should in 



a printed circuit 26 contained, in this end section and 20 particular be noted that the endmost section may be 



miniature coaxial electric cables 27 connecting the cir- 
cuit 26, through box 12 and a sheath 28 to an electronic 
control unit 29 having a display screen 30 and switch on 
and adjustment knobs (not shown). 



intimately applied against the wall by acting on the 
guide cables 15. 

FIG. 5 shows that the sectorial sweep with a curved 
linear array of electro-acoustic elements results in a 



The essential element of the ultra sonic transducer 25 25 spacing between the successive exploration lines 39 



is an array 31 of N electro-acoustic elements, disposed 
along an arc of a circle of radius R with outwardly 
turned convexity. As an example of the order of magni- 
tude, a row of N=64 to 104 elements (piezoelectric 



which increases with depth and may become excessive 
at a distance from the transducer. To reduce this spac- 
ing, which depends on the distribution pitch p of ele- 
ments 31 one solution consists in effecting several sue-. 



material elements) disposed in a single row, along an arc 30 cessive bursu from the same group of elements 31, but 



of a circle of radius R = 30 mm, with a chord D=30 
mm, will give satisfactory results. The length of each 
clement, which corresponds to the width of the trans- 
ducer, may be 0.5 cm, the resonance frequency ranging 
from 3 to 10 MHz. 

The piezoelectric elements are supported, in a known 
way, by a mass 32 of damping material for absorbing the 
energy emitted by the elements rearwardly and for 
rapidly absorbing the vibrations of these elements, so as 



with different delay distributions for obtaining the 
sweep with a pitch p/n (n being equal to 2 or 3), With 
this process, (n— 1) lines of exploration, shown with 
broken lines in FIG. 5, can be added between two nor- 
35 mal adjacent exploration lines 39. As shown in FIG. 6, 
in the case of a group of six electroacoustic elements 31 
and with n=3, a normal exploration line is obtained 
with a symmetrica] distribution of the delays and two 
focusing along additional lines 40, symmetrical with 



to widen the pass band and optimize the axial resolution. 40 respect to line 39, with delays corresponding to two 



To the front face of the piezoelectric element array is 
bonded a matching layer 33 having a thickness equal to 
a quarter of the wave length of the ultra sounds in the 
material which forms it. Finally, for focusing the acous- 
tic beam 34 emitted by a group of elements 35 during 45 
the same burst, in the transverse direction with respect 
to the plane of symmetry, an acoustic lens 36 is bonded 
to the matching layer 33. Lens 36 is advantageously 
formed from a materia) in which the speed of propaga- 



fictitious apertures 41 equal to A+2p/h. This embodi- 
ment causes a division of the repetition rate of the image 
by n, but this reduction matters little for the usual explo- 
ration depth not exceeding 6 cm. Thus, for n=3 and a 
transducer 25 having an array of 100 elements 31, the 
rate is 60 images per second for an exploration depth of 
4 cm, which is very much greater than the scintillation 
limit, of about 24 images per second. 
The acoustic beam may be slanted with respect to the 



tion is less than the speed in the tissues (about 1 500 m/s). 50 perpendicular to the median clement. FIG. 7 shows for 



A material will for example be chosen in which the 
speed of propagation is about 1000 m/s. Thus, focusing 
is obtained with a convex shape of the acoustic lens 36 
(FIG. 4). The external face of the flat convex lens will 



example the endmost exploration lines 47 of the normal 
field, as well as the exploration limits 4S with a slant -f 6 
and 49 with a slant —6. Electronic deflection is ob- 
tained in the same way as with a phased array, by means 



be very little different from the curvature of the end 55 of a selection of delays which ensure focusing of the 



beam, the slant thereof and compensation for the curva- 
ture of the array. 

The electronic slant of the beam may be used for 
obtaining focusing at the same point from several differ- 



scction 14 of the endoscope, which ensures good match- 
ing and good contact with the wall of the cavity to be 
explored. 

With the small sized printed circuit 26, the problems „ ^_ ^ 

of direct connection of coaxial cables to the elements of 60 ent groups of electro-acotisiic elements, which allows a 
array 31 are avoided. The coaxial cables arc in fact composite sweep to be obtained increasing the amount 
connected to circuit 26, which is connected to the cle- of information. With computer reconstruction, rounded 
ments by short thin wires 37 which transpon the elcc- 
. trie pulses for energizing the piezoelectric elements and 
bring back the electric echo information. 65 

Electronic scanning is achieved by energizing succes- 
sive groups of piezoelectric elements of the array 31. It 
may be implemented using approaches which are well 



structures may be better determined than with a single 
information and considerably enriches the image. With 
such a sweep mode, the resulting image follows from 
the superimposition or the combination of three images 
corresponding respectively to fields 47—47, 48,48fl and 
49a— 49. The electronic sweep may of course be 
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stopped on a given group of eJcctro-acoustic elements 
for recording the movement of a structure, for example 
in cardiology. This same observation of a fixed zone 
aJlows flows to be determined also, for example the 
blood flow, by determining the Doppler effect which is 5 
particularly well suited to an oblique incidence such as 
the one shown at 50. 

The electronic means associated with translator 25 
will not be described here in detail, since they may take 
on numerous forms, and particularly those already well iO 
known. One possible general construction will be sim- 
ply described with reference to FIG. 8. These elec- 
tronic means comprise a control module 55 which con- 
trols the transmission and reception chains. 

In the transmission chain, a timer 63 supplies, at regu- 1 5 
lar intervals, a pulse which is transmitted to a device 64 
for storing the delays corresponding to the desired fo- 
cusing. Device 64 supplies the energizing signals having 
the different delays required for focusing and, possibly, 
for the formation of the additional exploration Unes, 20 
Tht signals from device 64 are switched by selector 65 
to the inputs of the transmission circuits 66 whose out- . 
puts deliver energization pulses, of sufTtcient level, to 
the X simultaneously energized electro-acoustic ele- 
ments, of order n to n-t-x — 1, This group of elements 35 25 
emits an ultrasonic beam focused in the tissues to be 
studied. During the following transmission, the x signals 
are transmitted this time to the elements n + 1 up to 
(n + l)+(x — 1) and so on. 

On reception, the procedure is reversed: the x signal 30 
supplied by the x electro-acoustic elements 35 of the 
group selected by the selection module 57 are transmit- 
ted to preamplifiers 58, then to a delay of phase shift 
system 59 and, finally, to a summing circuit 60. An 
adjustable gain video amplifier 61 supplies a display 35 
monitor 62 with the required analog signals. A device 
56 will generally be provided for correcting the gain as 
a function of the exploration depth. This correction of 
gain may be cfTected by a circuit acting on the preampli- 
fier 58 and controlled by the module 55. 40 

The useful signal appearing at the output of summa- 
tor 60 may be also directed towards a device 71 for 
measuring the Doppler effect, followed by a spectrum 
analyser 72 operating in real time and supplying the 
Doppler frequency spectrum. The same useful signal 45 
may be processed in a device determining the move- 
ment as a function of time 69 forstorage in a recorder 70. 

As was pointed out above, the invention is susceptible 
of numerous variants. FIG. 9 shows, in longitudinal 
section, the end part of the tubular member 11 of an 50 
endoscope with dcformablc endmost section. This end 
section has again an ultra-sonic translator formed by a 
curved array 31 of electro-acoustic elements covered by 
a lens 36 but the array is placed at distance d from the 
end of the tubular member 11 and the optical system, 55 
formed by lens 18 and emitter 19 on the endmost face of 
section 14. The section of the tubular member 11 con- 
taining the array of the electro-acoustic elements 31 is 
rigid, over length e. On the other hand, the part of 
length d, generally about 8 cm, is flexible and orientata- 60 
ble. The guide may thus be very flexible, the rigid part 
being shifted to the rear of the endmost face. Moreover, 
the optica] display of the contact zone between the 
front face of the translator and the internal wall is possi- 
ble when the end of the tubular member 11 is brought 65 
into the position shown with broken lines in FIG. 9. 

In yet another embodiment, shown in FIG. 10, the 
tubular member 11 is made from two separate and inter- 
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lockable modules 80 and 81. Module 80 is similar to a 
conventional endoscope, having a light emitter 82 and 
an optical lens 83 on its endmost face. Module 81 has an 
acoustic probe 85 of the same kind as that shown in 
FIG. 3. The electric cables 27 for connection between 
the electro-acoustic elements of the array and the asso- 
ciated electronic control box (not shown) are spaced 
apart in a thin and flexible cylindrical sheath 86 whose 
diameter is slightly greater than that of the endoscope 
80 and whose length is at least equal to that of the tube 
of the endoscope. 

In part 87 of module 82, which is coupled to the 
endmost face of the acoustic probe 85, two mirrors 88 
are provided having a slant such that they guide the 
iighl from emitter 82 towards the outside through pan 
87. These mirrors also allow viewing of the outside 
through lens 83. 

When it is desired to effect an echo endoscopic explo- 
ration, the endoscope 83 is first of all introduced into 
sheath 86 until the optical elements 82 and 83 are oppo- 
site the mirrors of part 87, as shown with a dash dot line 
in FIG. 10. With the guide device comprising rings 16, 
the echo endoscope head formed by sheath 86, probe 85 
and endoscope 80 may be orientated. The additional 
length imposed on the rigid end jxjrtion by the addition 
of part 87 is small (less than a centimeter) and. at this 
price, an ordinary undefined endoscop>e may be used. 
Moreover, modules 80 and 81 may be used separately 
for conventional echographic or endoscopic examina- 
tions. 

The device of which a fragment is shown in FIG. 11 
forms a variant of that of FIG. 10. It comprises again an 
endoscopic module 80 and an acoustic module 81 
formed from a sheath 86 and a probe 85. But this variant 
no longer has the rigid part provided with mirrors 
which is shown in FIG. 10. To make up for it, the opti- 
cal elements 82 and 83 are no longer placed at the end 
of the endoscope, but laterally on a surface slanting 
with respect to the axis of the tube. These optical ele- 
ments arc thus located facing a membrane 92 when the 
endoscope is fully introduced into sheath 86. At the 
price of a slight modification of an ordinary endoscope, 
the complication caused by the addition of mirrors in 
the case of FIG. 10 is avoided. 

The invention is susceptible of numerous other em- 
bodiments, considering more especially the application 
contemplated and it should be understood that the 
scope of the present patent extends to any variant re- 
maining within the field of equivalences. 

We claim: 

1. An endoscopic probe system for simultaneous vi- 
sual and ultrasonic imaging of internal body parts, com- 
prising 

an endoscope insertablc into a body organ and includ- 
ing an elongated flexible tubular member having an 
axis, a rigid end section having a lateral wall and 

. connected to a distal end of said tubular member, 
and mechanical control means to said tubular mem- 
ber for adjusting the angular position of said end 
section with respect to said axis. 

an optical system for use in visually viewing said 
body organ in a predetermined field of view in- 
cluding lens means secured to said lateral wall of 
said end section, optical light carrying and unage 
return means located within and along said flexible 
tubular member from said distal end to a proximal 
end thereof, and viewing means located outside of 
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said flexible tubular member and connected to said 
optical means ai said proximal end, 
and a ultrasonic imaging system for use in providing 
a display of said body organ in an angular field 
having an overlap with said predetermined field of 
view, said ultrasonic imaging system having a 
curved linear array of piezoelectric transducer 
elements Axed to said lateral wall of said end sec- 
tion, the convexity of said array being directed 
outwardly of said end section, electronic circuit 
means operatively associated with said transducer 
elements and arranged for operating said piezoelec- 
tric elements according to a predetermined sector 
scanning sequence for sweeping said angular field 
with a focussed ultrasonic beam and display means 
connected to said electronic means and providing a 
visual image of said body organ. 

2. A probe system according to claim 1 wherein said 
hnear array consists of a single line of piezoelectric 
elements disposed for sec tor scan in a plane passing 
through said axis of said end section. 

3. -A probe system according to claim 1 wherein said 
electronic circuit means comprises phase shift means 25 
and switching means for providing electronic scan by 
energizing successive groups of said transducer ele- 
ments and for focusing at a predetermined distance 
from the array. 



10 
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20 



an elongated flexible tubular member of substantially 
circular cross section about an axis, having a proxi* 
mal end and a distal end. 

a rigid end section having a front end and having a 
rear end seciired to said distal end of said tubular 
member, having a shape elongated in a direction 
extending m the direction of of said axis in the 
distal end portion of said tubular member, 

a curved linear array of pieroeleciric transducer ele- 
ments extending along said end section for direct- 
ing and receiving ultrasonic pulses in an angular 
field transverse to said direction as focussed beams, 

an electronic circuit board located within said end 
section, individually connected to said transducer 
elements, 

electric line means connected to said electronic cir- 
cuit board, extending along and within said tubular 
member for connection to remote scanning and 
display means. 

and light carrying and image return means incl tiding 
light carrying and image return lines located within 
and along said flexible tubular member and lens 
means inside a portion of a wall of said tubular 
member at the distal end thereof, said portion being 
so slanted with respect to said axis that said light 
carrying and image return means illuminate and 
provide a visual display in a sector field of view 
having an overlap with said angular field. 

8. An endoscopic probe for simultaneous visual and 



4. A probe system according to claim 3. wherein the ultrasonic imaging of internal body parts, comprising: 



electronic circuit means further comprises means for 
modifying the phase and/or delay distribution during 
successive ultrasonic bursts from a same group of piezo- 
electric transducer elements, so as to provide scanning 3^ 
both along first lines normal to the array and along 
additional lines at an angle with said Hrst lines. 

5. A probe according to claim 1, wherein said end 
section contains a printed circuit and electrical junction 
wires connecting said circuit to said piezoelectric ele- 40 
ments and said tubular member contains miniature coax- 
ial cables connecting said circuit to an electronic con- 
trol box connected to a proximal end of the tubular 
member. 

6. A probe according to claim 1 wherein said trans- 
ducer means comprises a convex acoustic lens for focus- 
ing in a direction transverse to a plane of symmetry of 
the probe, formed from a material in which the propa- 
gation speed of the ultra sounds is less than that in bio* 5Q 
logical tissues. 

7. An endoscope probe for simultaneous visual and 
ultrasonic imaging of internal body pans, comprising; 



a first module having .an elongated flexible sheath 
having a proximal and a disul end and connected at 
the distal end thereof to a rear end of a rigid end 
section for insertion into an internal body organ, 
a second module comprising an elongated flexible 
tubular member of substantially circular cross sec- 
tion about an axis, constructed and arranged for 
insertion within said sheath into abutment with said 
rear end, 

a curved linear array of piezoelectric transducer ele- 
ments extending along said end section for direct- 
ing and receiving ultrasonic pulses in an angular 
field transverse to the direction of elongation as 
focussed beams. 

and light carrying and image return means compris- 
ing light reflecting means formed within said end 
section between said transducer array and said rear 
end, constructed and arranged for cooperation 
with lens means formed in an end surface of said 
second module for illuminating and providing an 
image of a sector field of view having an overlap 
with the angular field of said curved linear array. 
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